Transitional cell carcinoma of bladder (TCC) is a rel-13.7±24. No correlation was found between apoptosis atively common cancer among men. Tumor progres-and differentiation status of carcinoma. Bcl-2 expression is associated with expression or modulation of sion was weakly detected in only one sample. P53 several gene products that control apoptosis and pro-expression was detected in 26 of cases with mean liferation. Apoptosis is a negative growth regulatory staining index of 102±96. A significant correlation mechanism in tumors. The aim of this study is to between p53 and Ki-67 staining indices was examine apoptosis and related regulatory molecular observed (r=O.521, p=O.001). Both p53 and Ki-67 markers in a group of patients with TCC. Paraffin-expression showed a good association with the embedded tissues from 49 patients with TCC were pathological grade (p=O.0001 and p=O.004, respectiveexamined for the expression of bcl-2, p53 and Ki-67 ly). None of the markers showed significant correlaby immunohistochemistry. Apoptosis was detected tion with AI and no correlation was found between by TUNEL method. Correlation between apoptotic the ratio of AI to PI and other parameters either. In index (AI), proliferation index (PI) and bcl-2 and p53 conclusion, the frequency of apoptosis in TCC of expression with each other and with pathological bladder appears not to be associated with tumor grade was determined. Apoptosis was observed in grade, and with bcl-2, p53 and Ki-67 expression. 28.1% of TCC cases. The mean AI of all cases was (Pathology Oncology Research Vol 10/ No 3/ 154-159)
Introduction
Apoptosis, defined as programmed cell death, plays an important role in tumor growth and development. l Depending on the triggering factor and cell type, there are multiple signaling pathways that lead to activation of the apoptotic machinery.2 The bcl-2 family, a group of closely related proteins plays a major role in apoptosis and bcl-2, a member of this family is a potent inhibitor of apoptosis. 3 P53, a tumor suppressor gene product also plays a role in apoptosis of DNA-damaged cells. 4 P53 is involved in cell regulation suggesting, that the process of cell proliferation and apoptosis are closely related. 4 -5 In malignancies, alteration in the tumor suppressor gene or in proto-oncogenes may confer a growth advantage to the tumor cells by stimulating cell proliferation. 6 In recent years, overexpression of p53 and bcl-2 proteins has been investigated in various malignancies including transitional cell carcinoma of bladder (TCC), and in several studies the prognostic role of these markers, particularly of p53 for TCC has been reported,7-10 however, to our knowledge no study on both of these markers in combination with study of apoptosis and cell proliferation indices has been reported. The relationship between tumor expression of p53 and bcl-2 molecules jointly with detection of apoptosis and proliferation may be useful in prognosis of TCC. Using bladder tumor biopsies, the aim of this study was to assess this issue.
Materials and Methods

Specimens
A total of 49 untreated patients histopathologically proven to have TCC were selected from pathology archives of Shiraz University affiliated hospitals between 2000-2003. The best paraffin-embedded block of neoplastic tissue was processed for further studies. The neoplastic tissues were either from tumor biopsies, transurethral resection of bladder, or cystectomy specimens. Paraffin blocks were cut into 5 J.lm sections and stained with hematoxylin and eosin. Samples were graded according to ASH classification. l1 The average patient age was 61 ±13 years (range, 30-65 years). There were 79% males versus 21 % female patients.
Immunohistochemistry
The expression of markers was detected using the threestep streptavidin-biotin immunoperoxidase method. p53 expression was performed using DOl monoclonal antibody kindly provided by Dr. Nouri AME, from The Royal London Hospital, London. The mouse monoclonal antibody bcl-2 (1:200, Dako, Denmark) was used to detect bcl-2 overexpression. Bcl-2 staining of lymphocytes was used as internal positive control. The polyclonal antibody to Ki-67 (Dako) was used to identify proliferative activity. Briefly, after tissue sections were deparaffinized and rehydrated, they were incubated for 20 minutes with 3% H 2 0 2 to inactivate endogenous peroxidase activity. Slides were then heated in 10 mmol/L citrate buffer, pH 6.0 for 15 minutes to enhance antigen retrieval. Following a 20 minutes blocking step with 10% normal horse serum diluted in phosphate-buffered saline (PBS), the primary antibodies were applied and incubated overnight in a moisture chamber at 4ac. After treating with biotinylated anti-mouse IgG and avidin-peroxidase for 30 minutes each, diaminobenzidine 1 mg/ml in PBS containing 0.03% hydrogen peroxide was applied as the chromogen. Sections were counterstained with Mayer's hematoxylin for 15 seconds. For each antibody, negative control studies were performed in which PBS was used instead of primary antibody. Paraffin sections from human tonsils and breast cancer with known immunoreactivity to bcl-2, p53 and Ki-67 antigens respectively were used as positive control. To determine the expression of markers, at least 1000 tumor cells were assessed and the proportion of cells showing reactivity was determined. The Ki-67 proliferating index (PI) was defined as the percentage of positive carcinoma cells. Immunostaining intensity was also rated as follows: 0, none; 0.5, very week; 1, weak; 2, moderate and 3, strong. An index of staining for bcl-2 and p53 expression was determined by multiplying the percentage and intensity of positive tumor cells.
Apoptosis detection
Apoptosis in 32 of cases were evaluated using TdTmediated dUTP-biotin nick end labeling kit (Boehringer Mannheim, Germany) as recommended by the manufacVallO, No 3, 2004 turer. Briefly, sections were deparaffinized and rehydrated, and the endogenous peroxidase activity was blocked. The sections were incubated in proteinase K and then incubated with TUNEL reaction mixture. Slides were incubated with converter-peroxidase solution for a further incubation. The reaction was visualized with diaminobenzidine/H 2 0 2 • Slides were subsequently washed, counterstained with hematoxylin and mounted. Negative control sections included the above process except the enzyme solution and positive control were prepared by treating sections with 1 J.lg/ml DNase 10 minutes before the above protocol. Apoptotic cells were identified using light microscope, and a total of 1000 carcinoma cells were evaluated, whereby the apoptotic index (AI) was determined.
Statistics
All statistical analyses were performed using SPSS software. Mann-Whitney test and Pearson correlation assessed the correlation between expression of markers and the age and sex of patients. Spearman correlation was used to evaluate the association of markers with each other and with grade.
Results
Tumor specimens archived in paraffin blocks from patients with TCC were examined for the expression of different markers as well as for the presence of apoptotic cells using the TUNEL technique. 6.1 % of cases were grade I, 32.6% grade II, 26.9% grade III and 34.7% were grade IV.
P53 expression
26 cases showed immunoreactivity for p53 (10-100% of tumor cells) (Figure 1a) . The p53 staining index in the tumors varied from 10 to 300. The mean value of p53 index was 109±96. Statistical analysis of the relationship between p53 expression and grade of tumors showed a significant correlation (r= 0.658, p=O.OOOl), as the mean staining index of p53 expression for low grade (1&11) patients was 21 ±60 versus 112±99 for high grade (III & IV) ones ( Table 1) . Determination of the nuclear p53 staining showed 81.5% p53 positivity in cases with~5% tumor cell staining for Ki-67, showing a good correlation between the expression of these two markers (r=0.521, p=O.OOl) (Figure 2 ).
Ki-67 expression
Most (39 cases) of TCC cases showed Ki-67 positivity of more than 5%. The mean Ki-67 proliferating index was 24±22. A significant correlation between Ki-67 expression and pathological grade was observed (r=0.441, p=0.004), showing an increase in the expression of Ki-67 in less differentiated tumor cells.
Bcl-2 expression
Bcl-2 staining was observed in nearly none of the cases examined (Figure 1b) . Only in one specimen with grade II a 5% weakly staining was detected.
Apoptotic index
TdT-mediated nick end labeling method of determining apoptosis in the TCC samples was positive in 9 cases (28.1%) (Figure lc) . A mean AI of 13.7±24 for all samples was obtained. AI in different grades of carcinoma is shown in Table 1 . No correlation between AI and differentiation status of carcinoma as well as markers examined was obtained. The ratio of apoptotic cells to Ki-67 positive cells (AI/PI) was determined. This ratio showed a significant correlation with AI (r=0.994, p= 0.0001) but not with other parameters.
No correlation between sex and age of patients with grade, AI and other parameters was obtained.
Discussion
Apoptosis is a distinct mode of cell death that is responsible for deletion of cells in malignant tumors as well as normal tissues. 12 The rate of apoptosis in malignant tumors is an important factor for tumor growth.
I -
Few studies
have been done on the rate of apoptosis in TCC. In the present work, apoptosis was detected in nearly 28 % of patients with TCC of bladder. No correlation between AI and grade of tumors was observed, indicating that this index may not be valuable as a prognostic marker. Similar results have been reported by King et al. on 45 patients with no significant correlation between the frequency of apoptosis and the pathological grade and stage of the tumors. 13 In a search through Medline a report for apoptosis detected by a monoclonal antibody recognizing single-stranded DNA regions was also found in that all 103 cases studied were positive and AI tended to increase with increasing grade. 14 Apoptotic cells with mean percentage of 22±13 in TCC of bladder was reported by Roman et al. 15 In two other studies the frequency of apoptosis using TUNEL technique in TCC of the renal pelvis and ureter has been studied,16,17 and a close association of the incidence of apoptosis with the tumor grade of TCC was observed, indicating that apoptotic cell death may playa role in the tumor progression of renal pelvic and ureteral TCC.
The correlation between apoptosis and proliferation or Ki-67 index of tumor tissues is of importance because the rate of tumor cell accumulation is not only dependent on the rate of cell death but also on the rate of tumor cell proliferation. 1 Decrease in apoptosis/proliferation rate may confer a growth advantage to the tumor cells. 12 AI in our TCC cases was not correlated with Ki-67 staining index, and after determination the apoptotic/Ki-67 indices rate we found no difference between patients with dissimilar pathological grade, indicating the minor role of apoptosis rate in the growth of transitional tumor cells. 
Apoptosis is modulated by the products of a large number of evolutionary conserved oncogenes and tumor suppressor genes. 18 ,19 Bcl-2 is considered a downstream regulator of apoptosis because it inhibits apoptosis by a variety of stimuli 3. Bcl-2 staining was nearly negative in our study. In fact, loss of bcl-2 is expected to be associated with higher rate of apoptosis, resulting in a decrease of tumor growth. However, no correlation was found between bcl-2 expression and apoptosis in our cases, suggesting that the expression level of bcl-2 protein may not be the critical factor that determines the degree of apoptosis, and other factors may be involved.
The protein p53, among its many diverse functions acts as a factor that up-regulates the activity of several genes that modulate apoptosis. 20 The mutant p53, however, functions as a substitute for bcl-2 and inhibits apoptosis. 21 In previous studies the role of p53 in TCC of bladder has been well studied and overexpression correlated with grade, stage, progression and surviva1. 7 ,10 Concordantly, we showed that p53 positivity is strongly associated with high histological grade, indicating the important role of this protein in TCC prognosis. P53 expression was correlated with proliferation index determined by Ki-67 staining as well, showing that p53 immunopositivity is associated with active cell division. The diverse effect of p53 and bcl-2 on cell death has encouraged investigators to search for a possible reciprocal relationship between expression as well as prognostic significance of these two markers in various malignancies including TCC of bladder. In a study on 119 patients 61 % and 17% of cases were positive for expression of p53 and bcl-2, respectively. P53 expression was correlated with stage but not bcl-2 with any clinicopathologic parameters. However, co-expression of p53 and bcl-2 was associated with unfavorable prognosis. 22 In another study bcl-2 expression was studied in 83 patients with invasive TCC treated with radiotherapy, and a poor outcome in patients expressing bcl-2 and p53 was found. 23 Cytoplasmic expression of bcl-2 was also observed in 54% and p53 in 37% of TCC patients less than 40 years old, and was not associated with tumor progression. 24 In our study bcl-2, in contrast to p53. showed no correlation with grade of tumor or with apoptosis, and there was no relationship between bcl-2 and p53 expression. This result may be in part due to loss of bcl-2 expression observed in our cases. This finding that bcl-2 positivity is rare in TCC of bladder is almost consistent with two other reports by Kirsh et al. and King et al. in which only 7.0% and less than 5.3% of TCC samples demonstrated bcl-2 overexpression, respectively.13,25 Infrequent expression of bcl-2 noted in these studies raises the need for more investigations regarding the role of genetic background in bladder tumorigenesis as well as the role of other markers involved in the regulation of apoptosis in TCC. It has been reported that in superficial bladder cancers, p53 mutations may inactivate the transcription of bax gene. 26 Bax is a member of the bcl-2 family and has a pro-apoptotic effect,27 Although the phenomenon of p53 overexpression in TCC has mostly been reported to have underlying genetic mutations,28 the authors can not conclude that the p53 positivity observed in our cases are accompanied by p53 mutation, and hence the exact role of mutant and/or wild-type p53 expression on frequency of apoptosis and bcl-2 in TCC requires more studies.
In conclusion, this study showed that, in TCC of bladder, the degree of apoptosis is not correlated with the cellular proliferation and p53 and bcl-2 expression, and that there appeared to be rare positive staining for bcl-2. This work was supported by grants 78-696 and 80-1364 from Shiraz University of Medical Sciences.
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